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1. The Beast of Dynamic Resource Management 3. Dynamic Applications

Dynamic Resource Management (DRM) improves key HPC system metrics Applications are first-class citizens in the HPC world. Past attempts for DRM failed to cover the diversity of HPC applications, preventing its adoption on production
through dynamic (re) assignment of system resources during runtime: HPC systems. The DPP design is based on an application-system co-design, to support a wide range of application use cases:
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Parallel numerical software library Data distribution for dynamicity and fault tolerance Parallel-in-time integration library
Energy Efficiency Throughput Utilization Rate Queue Time XBraid [4] MPDAITA3D [12]
: Adaptive Mesh Refinement library Multigrid parallel-in-time integration 3D semi-Lagrangian multiscale fluid solver
 DRM requires adaptations across the whole HPC software stack DMR-API [6] DPPInSitu [10]
« Many past attempts failed due to the lack of a holistic design sl | Dynamic resources API| for computational kernels || Asynchronous Many-Task Runtime System || Library for dynamic, asynchronous in-situ techniques |
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4. Dynamic Processes With PSets (DPP) [8]
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Figure 2 Design Principles for DRM in parallel programming models.
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S. DYnamic Scheduling Optimization [5] 7. Conclusions & Future Work

0 mmm Mksp B TurnTime Figure 5 Comparison We model application scalability (Amdahl’'s Law) and use Discrete Steepest Ascent We developed a new, generic DRM design, which:

BB PendTime o Util% of system metrics for (DSA) on the resulting optimization problem:
'~ | EEE RunTime scheduling experiments 1200 T
on 100 compute nodes 1000 ¥ iMoo . \
using EasyBackfilling 500 - Eifss_f MaXImum Speedup|
(EB), Discrete Steepest xbraid ;;/;55;;“
Ascend (DSA), and DSA 6001 X o 77
with monitoring (DSA-M) 400 A

policies and a job mix of

= 100 jobs with 50% g% ¢ ° 2, Future Work:

, o)
and 100% dynamic jobs, T oI s00  7io 1090 #/vodesj%s 0, - 4 JS’@ 1) Design and standardization of the COL
relative to EB50. Number of processes s L — 2) Improving programmability for application developers

* is applicable to standard system software such as MPI and PMIx,

 covers a diverse set of HPC applications and libraries,

 enables fine-grained performance-aware dynamic scheduling, and

Total System Speedup

 achieves improvements of key system metrics, e.g., throughput and utilization.
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Figure 3 Application (PSet) models Figure 4 Optimization landscape with 2 jobs
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